1. Introduction {#sec0001}
===============

The changing climatic conditions in the past years have resulted in persistent droughts, heat waves and shortages in animal feed ([@bib0018]). This has severely affected ruminant animal production leading to a dire need to address feed shortages particularly in small scale farming systems. One of such proposals is the use of forage legumes as protein supplements ([@bib0011]; [@bib0019]) in ruminant diets. Forage legumes provide adequate protein ([@bib0001a]) and average energy ([@bib0032]) for ruminant livestock production. Lablab and cowpea were chosen for this study because of their high biomass yield ([@bib0010]; [@bib0021]; [@bib0001a]), high digestibility ([@bib0027]) drought tolerance ([@bib0021]; [@bib0028]) and hay keeping quality. Furthermore, there is little research on their effects on small ruminants particularly, goats in sub Saharan Africa, although there is enough evidence ([@bib0037]; [@bib0052]) that they significantly improve ruminant nutrition and reduce feed costs. In an experiment done by [@bib0021], Lablab ranked high in biomass yield (5.9t/ha), organic matter (889 g/kgDM) and OM digestibility (601 g/kgDM), it was observed to be least in NDF (465.5 g/kgDM), ADF (331.4 g/kgDM), high in P (2.1%) and the authors concluded that it is the most appropriate forage legume for tropical semi-arid regions when compared to Siratro, Silver leaf and Fine stem stylo.

Information on Cowpea production requirements and its potential as animal feed potential is still lacking in Southern Africa except that it\'s used as human food ([@bib0014]). However, [@bib0010] reported forage yield ranged between 6.03 and 7.94 t ha^−1^ and CP ranged from 170.2 g kg^−1^ up to185.2 g kg-1 in various cultivars grown in Turkey. In the same experiment cultivars produced ADF, NDF, magnesium (Mg), P, Ca and K contents which were higher than animal needs. This was earlier indicated by [@bib0002] in Nigeria and later by [@bib0020] in Ethiopia. In another experiment done by [@bib0042], it was discovered that Cowpea cultivars had higher in vitro DM, OM and protein digestibility\'s than buffalo grass hay, with i*n vitro* DM, OM and protein digestibility\'s ranging from 0.64 to 0.75.

Because animals are exposed to these adverse climatic variants, their voluntary feed intake, protein and energy metabolism and enzyme reaction have been lowered leading to increased organ function ([@bib0038]). In order for animals to survive these climatic environments, they have developed copping strategies which include among other things alteration of renal and liver functions ([@bib0038]; [@bib0057]). However noble these adaptive processes might be, they are also bound to put the well-being of animals at risk. Goats by their nature are browsers and raising them in confinement would stimulate this type of adaptive behaviour over time. [@bib0049] reported that goats are world-wide providers of essential meat and dairy products but very little research is performed on them than on cattle and sheep.

The biochemical and haematological variables of blood can be used to monitor and or evaluate health, nutritional and physiological status of ruminants ([@bib0004]). Furthermore, [@bib0036] reported that blood constituents are markers to determine the efficacy of feed nutrient content and its utilization. [@bib0005] observed that biochemical and haematology profiles can also be used to assess the immunity status of goats while they can also be an index of transportation stress ([@bib0006]). Among other factors, nutrition, stress, reproductive status, age, sex, genetics, management, housing, and other environmental factors have been reported to have profound effects on the haematological and biochemical profiles of small ruminants ([@bib0036]) Therefore, there is a need to establish the dietary effects of forage legumes fed to goats. Because biochemical and haematological parameters are a clear indication of unobservable animal wellness; the objective of this study was to evaluate the effects of forage legume diets on growth, haematological and biochemical parameters of Xhosa goats.

2. Methodology {#sec0002}
==============

The protocols and procedures applied in this study were according to the ethical principles for use of experimental animals as established by the Committee of Ethics on Animal Use of the Society for the Prevention of Cruelty to Animals. The University of Fort Hare Ethics Committee ensured that these requirements were adhered to by approving the study and a certificate was issued (MUP121SWA01)

2.1. Description of the study site {#sec0003}
----------------------------------

The research was conducted at the University of Fort Hare Research Farm, in the Eastern Cape Province of South Africa. The farm is located at a latitude of 32°46′ S and longitude 26°50′ E at an altitude of 535 metres above sea level. It has a warm temperate climate with an average annual rainfall of about 575 mm received mainly during the summer months of November to March. The maximum temperature is 24.6 °C, minimum temperature (11.1 °C) and average temperature (17.8 °C).

2.2. Study design and animal management {#sec0004}
---------------------------------------

### 2.2.1. Animal management {#sec0005}

Eighteen goats (9 castrate males and 9 females) were used in this experiment. The average age of goats was 12 months at an average weight of 14.2 ± 0.24 kg. Goats were dewormed using niclosamide 20% (Lintex L) and dipping was done using a pour on acaricide (Coopers Redline). Animals on T~1~ and T~3~ were injected with a mineral and vitamin complex (Cipla Agrimed) prior to housing and thereafter, every 15 days. Animals were housed individually in metabolic pens measuring 1.5 × 1.0 m and were acclimated to the environment and experimental conditions for two weeks, which was followed by 45 days of growth/feeding trial. Animals were fed two equal portions at 08:00 and 15:00 h daily and the amount on offer was adjusted based on body weight measured every 15 days. Clean water was available to animal\'s *ad-libitum.*

### 2.2.2. Treatment diets {#sec0006}

Animals were subjected to three treatments on DM basis of treatment one (T~1~); 71% Vigna hay, 19% Katambora hay salt (0.5%), molasses (3%), maize (5%) and mineral vitamin premix 1.5%; treatment two (T~2~); 90% lamb and ewe pellet plus 10% Katambora grass hay; and treatment three (T~3~); 72% Lablab hay 19% Katambora hay, salt (0.5%), molasses (2%) maize (5%) and mineral vitamin premix 1.5%. Treatment two was the positive control diet. All diets were formulated to contain CP and energy to meet the minimum recommendation for intensive feeding (i.e. 14% CP and 9 MJ ME/ kg DM) and animals were fed at 3% of metabolic body weight.

### 2.2.3. Blood sampling and collection {#sec0007}

Every fifteen days' goats were restrained for blood collection. A pair of 5 ml blood samples were withdrawn into test tubes via jugular vein puncture; one for haematological analysis and the other for serum chemistry. The sterile test-tubes containing EDTA as anticoagulant were labelled in accordance to the corresponding animal number and then placed in a cooler bag containing ice cubes before being moved to the laboratory within an hour of collection for the determination of haematological parameters. Blood tubes without anticoagulant, were allowed to coagulate in kaylite holders at 37 °C for serum separation, centrifuged at 3500 rpm at 21 °C for 10 min and was stored at −20 °C for biochemical analysis. The haematological estimates including haemoglobin (Hb), haematocrit (PCV), red blood cells (RBC), white blood cells (WBC), mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH), and mean corpuscular haemoglobin concentration (MCHC). RDW, Platelets, MPV were analysed by an auto blood-analyser, (NIHON KOHDEN blood auto analyser; MEK-6450 K; Span Nihon Kohden Diagnostic PVT Ltd., Surat, Gujarat, India). Serum concentration of biochemical metabolites including urea, cholesterol, total protein (TP) and albumin and serum enzymes including alanine aminotransferase (ALT), alkaline phosphatase(ALP) and gamma- glutamyl transferase (GGT) were determined using commercially available kits (Cogent TM of Span Diagnostic Ltd., Surat, Gujarat, India).

### 2.2.4. Statistical analysis {#sec0008}

The effect of diet and sex on the mean concentrations of the blood haematology and metabolites was analyzed using the GLM of [@bib0014a] version 9.3. All the resulting data for the blood metabolites was checked for normality using the PROC UNIVARIATE of [@bib0014a]. A repeated measures analysis of [@bib0014a] was used to assess the effect of time on blood metabolites and haematological parameters. The Turkeys HSD method was used to separate means for blood metabolites and haematological parameters and were considered to be significantly different at *P* \< 0.05.

3. Results {#sec0009}
==========

3.1. Chemical composition of diets {#sec0010}
----------------------------------

Three diets were given to growing goats over a period of sixty days and the dietary inclusions are listed in [Table 1](#tbl0001){ref-type="table"}. The three diets were formulated to provide the same amount of protein (iso nitrogenous) and energy (iso energetic). The basis was the pellet diet which had a CP level of 14% and ME of 8.87Mj/kg. The CP level is above the minimum requirement as indicated by [@bib0012a] of 12.6%.Table 1Chemical composition (% for DM and% DM for others) of treatment diets.Table 1NutrientDiet 1Diet 2Diet 3Katambora /Vigna (1:4)PelletsKatambora/Lablab (1:4)DM%92.389.9292.72CP%13.9313.4913.77CF%--23.51--Fat%2.175.921.97Me Mj/kg8.608.878.90NE Mcal/kg--0.78--NDF%35.4132.3937.51[^1]

3.2. Feed intake and body weight gain of xhosa goats {#sec0011}
----------------------------------------------------

After a feeding trial of sixty days, changes in weight were determined and results are shown in [Table 2](#tbl0002){ref-type="table"}. Treatment diets and sex significantly (*P* \< 0.05) affected DMI, final body weight, total gain, ADG, and feed conversion ratio (FCR). Male animals exhibited higher DMI (*P* \< 0.05) compared to female animals. Animals on T~2~ showed higher (*P* \< 0.05) DMI of 24 g/d and 6.7 g/d compared to T~1~ and T~3~ respectively. Animals under T~2~ exhibited the highest ADG and total gain with the lowest FCR (*P* \< 0.05). Sex had no significant (*P* \> 0.05) effect on FCR, however male animals significantly (*P* \< 0.05) gained less than females by 0.2kgs.Table 2Feed intake, growth parameters and morphometric data of Xhosa goats under three dietary treatments*.*Table 2VariablesTreatment (T)SESex (S)SEP valuesT~1~T~2~T~3~MFTST x SDMI(g/d)670.8[c](#tb2fn1){ref-type="table-fn"}694.8[a](#tb2fn1){ref-type="table-fn"}688.1[b](#tb2fn1){ref-type="table-fn"}4.612716.1[a](#tb2fn1){ref-type="table-fn"}653.0[b](#tb2fn1){ref-type="table-fn"}3.7660.0010.0010.026Growth Parameters (kg)IW14.1313.9614.020.46914.9014.710.3920.1030.1130.481FW16.8116.3416.570.44416.9016.310.3740.6840.4390.024Total gain2.08[c](#tb2fn1){ref-type="table-fn"}2.68[a](#tb2fn1){ref-type="table-fn"}2.55[b](#tb2fn1){ref-type="table-fn"}0.0772.4[a](#tb2fn1){ref-type="table-fn"}2.6[b](#tb2fn1){ref-type="table-fn"}0.0080.040.4300.035ADG (g/d)35.0[b](#tb2fn1){ref-type="table-fn"}45.0[a](#tb2fn1){ref-type="table-fn"}43.0[a](#tb2fn1){ref-type="table-fn"}0.00240.043.00.0010.0030.440.030FCR19.16[a](#tb2fn1){ref-type="table-fn"}15.44[b](#tb2fn1){ref-type="table-fn"}18.11[a](#tb2fn1){ref-type="table-fn"}0.15517.216.650.0230.0300.2000.320[^2]

3.3. Biochemical indices {#sec0012}
------------------------

The effects of diet, sex and time on biochemical indices was evaluated in this study and results are shown in [Table 3](#tbl0003){ref-type="table"}, [Table 4](#tbl0004){ref-type="table"} and [Fig. 1](#fig0001){ref-type="fig"}. The urea (mmol/l), TP (g/l), creatinine (µm/l), globulins (g/L) and cholesterol (mmol/l) levels; and activities (IU/L) of ALP, GGT and ALT were similar among treatments and between sexes ([Table 3](#tbl0003){ref-type="table"}). Feeding forage legume diets to goats had no significant effects (*P* \> 0.05) on serum TP, globulin, urea, creatinine, ALT, ALP and GGT concentrations. However, the serum concentration of albumin was influenced by diet (*P* \< 0.05). Sex of animals did not affect (*P* \> 0.05) serum TP, globulin, urea, creatinine, ALT, and GGT, however sex influenced ALP concentration (*P* \> 0.05). Measured over time, the plasma concentration of urea and ALP significantly increased (*P* \< 0.05) while creatinine and cholesterol concentration decreased (*P* \< 0.05) as shown in [Table 4](#tbl0004){ref-type="table"}. No changes were observed for TP, albumin and globulins with time. Although the overall serum concentration of urea, TP, globulin, creatinine, ALT, ALP and GGT remained unchanged among the treatments and between sexes; treatment by sex ([Table 5](#tbl0005){ref-type="table"}), treatment by day ([Table 6](#tbl0006){ref-type="table"}) and sex by day ([Table 7](#tbl0007){ref-type="table"}) interactions were significant (*P* \< 0.05). The female animals on T~1~ exhibited higher (*P* \< 0.05) urea, creatinine, ALP and cholesterol concentrations than contemporaries on other treatments. Urea, creatinine and albumin concentrations were higher (*P* \< 0.05) in male animals on T~3~. Female animals on T~2~ showed the lowest creatinine and ALT levels (*P* \< 0.05). Male animals on T~1~ had the lowest (*P* \< 0.05) cholesterol and urea concentrations but recorded the highest TP. Female animals on T~3~ had the highest albumin concentration while male animals on T~2~ showed the least albumin concentration (*P* \< 0.05). On average male animals exhibited higher (*P* \< 0.05) urea, creatinine, ALT and cholesterol concentrations while female animals showed higher (*P* \< 0.05) albumin and ALP plasma concentration. Time × treatment affected (*P* \< 0.05) the urea, creatinine, TP, albumin globulin ALT ALP and cholesterol levels in blood serum of Xhosa goats.Table 3Biochemical attributes of goats fed concentrate pellets, *Lablab purpureus* and *Vigna unguiculata* supplementing *Chloris gayana.*Table 3Treatments (T)Sex (S)P values[@bib0034]Plasma parametersT~1~T~2~T~3~SEMFSETSUrea (mmol/l)4.915.624.870.3705.195.080.3020.2910.8045.6- 7.69[1](#tb3fn2){ref-type="table-fn"}Total protein(g/dl)56.4357.3156.171.95357.7855.491.5950.9110.31764 −78Creatinine (mg/dl)0.5710.5650.6310.3020.5980.5790.2460.2360.6090.5 −1.8Globulin(g/l)41.9643.1140.611.90243.4840.311.5530.6520.15735 - 45[1](#tb3fn2){ref-type="table-fn"}Albumin(g/l)14.47[b](#tb3fn1){ref-type="table-fn"}14.19[b](#tb3fn1){ref-type="table-fn"}15.56[a](#tb3fn1){ref-type="table-fn"}0.40414.3015.190.3300.0450.06520 - 40[1](#tb3fn2){ref-type="table-fn"}Cholesterol(mmol/l)1.6011.811.5780.1291.681.6510.1050.3710.8571.5 -- 1.9[1](#tb3fn2){ref-type="table-fn"}ALT(U/l)19.9215.7820.781.85219.7817.871.4530.1210.36615.3 −52.3ALP(U/l)123.9295.75107.1131.05053.67[b](#tb3fn1){ref-type="table-fn"}164.19[a](#tb3fn1){ref-type="table-fn"}25.3520.2130.00466 −230GGT(U/l)37.8645.8143.563.43439.8944.932.8030.2550.21220 −50[^3][^4]Table 4Changes in blood biochemical attributes of goats fed concentrate pellets, *Lablab purpureus* and *Vigna unguiculata* supplementing *Chloris* gayana.Table 4Day(D)SEP value153045DUrea4.76[b](#tb4fn1){ref-type="table-fn"}4.26[b](#tb4fn1){ref-type="table-fn"}6.38[a](#tb4fn1){ref-type="table-fn"}0.3700.0007Creatinine69.94[a](#tb4fn1){ref-type="table-fn"}56.47[b](#tb4fn1){ref-type="table-fn"}50.47[b](#tb4fn1){ref-type="table-fn"}3.0150.0002TP58.8353.3957.681.950.1304Albumin15.1114.5014.610.4000.5281Globulins43.7238.8943.071.9020.1642ALT19.5019.317.671.7790.7300ALP61.89[c](#tb4fn1){ref-type="table-fn"}90.83[b](#tb4fn1){ref-type="table-fn"}174.05[a](#tb4fn1){ref-type="table-fn"}0.4950.0495GGT37.4445.8143.973.4340.2086Cholesterol2.57[a](#tb4fn1){ref-type="table-fn"}1.35[bc](#tb4fn1){ref-type="table-fn"}1.067[c](#tb4fn1){ref-type="table-fn"}0.1290.0001[^5]Fig. 1Changes in blood haematological attributes of goats fed concentrate pellets, *Lablab purpureus* and *Vigna unguiculata* supplementing *Chloris gayana*.Fig 1Table 5Interactive effects of diet and sex on goats fed concentrate pellets, *Lablab purpureus* and *Vigna unguiculata* supplementing *Chloris gayana* .Table 5TreatmentSEP value112233SexFMFMFMUrea5.58[ab](#tb5fn1){ref-type="table-fn"}4.24[b](#tb5fn1){ref-type="table-fn"}5.42[ab](#tb5fn1){ref-type="table-fn"}5.82[a](#tb5fn1){ref-type="table-fn"}4.24[b](#tb5fn1){ref-type="table-fn"}5.50[ab](#tb5fn1){ref-type="table-fn"}0.3820.041Creatinine61.44[ab](#tb5fn1){ref-type="table-fn"}52.67[ab](#tb5fn1){ref-type="table-fn"}52.17[b](#tb5fn1){ref-type="table-fn"}60.78[ab](#tb5fn1){ref-type="table-fn"}60.3[ab](#tb5fn1){ref-type="table-fn"}65.89[a](#tb5fn1){ref-type="table-fn"}4.2640.0385TP54.1958.6757.9456.6754.3352.563.5460.622Albumin14.94[ab](#tb5fn1){ref-type="table-fn"}14.00[ab](#tb5fn1){ref-type="table-fn"}15.06[a](#tb5fn1){ref-type="table-fn"}13.33[b](#tb5fn1){ref-type="table-fn"}15.56[a](#tb5fn1){ref-type="table-fn"}15.56[a](#tb5fn1){ref-type="table-fn"}0.5710.0310Globulins39.2544.6742.8943.3338.7838.563.1810.629ALT17.06[ab](#tb5fn1){ref-type="table-fn"}22.78[a](#tb5fn1){ref-type="table-fn"}15.33[b](#tb5fn1){ref-type="table-fn"}16.22[ab](#tb5fn1){ref-type="table-fn"}21.22[ab](#tb5fn1){ref-type="table-fn"}20.33[ab](#tb5fn1){ref-type="table-fn"}2.7180.0424ALP201.50[a](#tb5fn1){ref-type="table-fn"}46.33[b](#tb5fn1){ref-type="table-fn"}123.28[ab](#tb5fn1){ref-type="table-fn"}68.22[b](#tb5fn1){ref-type="table-fn"}167.78[ab](#tb5fn1){ref-type="table-fn"}46.44[b](#tb5fn1){ref-type="table-fn"}46.4440.0401GGT43.3832.3345.8345.7845.5641.560.5240.521Cholesterol1.95[ab](#tb5fn1){ref-type="table-fn"}1.26[c](#tb5fn1){ref-type="table-fn"}1.56[abc](#tb5fn1){ref-type="table-fn"}2.07[a](#tb5fn1){ref-type="table-fn"}1.44[bc](#tb5fn1){ref-type="table-fn"}1.71[abc](#tb5fn1){ref-type="table-fn"}0.1820.005[^6]Table 6Interactive effects of diet and days on goats fed concentrate pellets, *Lablab purpureus* and *Vigna unguiculata* supplementing *Chloris gayana*.Table 6TreatmentsSEP value111222333Days153045153045153045TDUrea4.78[bd](#tb6fn1){ref-type="table-fn"}3.24[d](#tb6fn1){ref-type="table-fn"}6.71[a](#tb6fn1){ref-type="table-fn"}4.94[abcd](#tb6fn1){ref-type="table-fn"}5.66[abc](#tb6fn1){ref-type="table-fn"}6.27[ab](#tb6fn1){ref-type="table-fn"}4.567[bcd](#tb6fn1){ref-type="table-fn"}3.88[cd](#tb6fn1){ref-type="table-fn"}6.17[ab](#tb6fn1){ref-type="table-fn"}0.64100.039Creatinine66.67[ab](#tb6fn1){ref-type="table-fn"}54.25[bcd](#tb6fn1){ref-type="table-fn"}50.25[cd](#tb6fn1){ref-type="table-fn"}70.50[a](#tb6fn1){ref-type="table-fn"}50.25[cd](#tb6fn1){ref-type="table-fn"}48.67[d](#tb6fn1){ref-type="table-fn"}72.67[a](#tb6fn1){ref-type="table-fn"}64.17[abc](#tb6fn1){ref-type="table-fn"}52.50[bcd](#tb6fn1){ref-type="table-fn"}5.2220.022TP63.50[a](#tb6fn1){ref-type="table-fn"}50.50[bc](#tb6fn1){ref-type="table-fn"}55.29[abc](#tb6fn1){ref-type="table-fn"}56.33[abc](#tb6fn1){ref-type="table-fn"}55.00[abc](#tb6fn1){ref-type="table-fn"}60.58[ab](#tb6fn1){ref-type="table-fn"}56.67[abc](#tb6fn1){ref-type="table-fn"}46.5057.17[abc](#tb6fn1){ref-type="table-fn"}4.3430.046Albumin15.17[ab](#tb6fn1){ref-type="table-fn"}14.33[ab](#tb6fn1){ref-type="table-fn"}13.92[b](#tb6fn1){ref-type="table-fn"}13.83[b](#tb6fn1){ref-type="table-fn"}13.83[b](#tb6fn1){ref-type="table-fn"}14.92[ab](#tb6fn1){ref-type="table-fn"}16.33[a](#tb6fn1){ref-type="table-fn"}15.33[ab](#tb6fn1){ref-type="table-fn"}15.00[ab](#tb6fn1){ref-type="table-fn"}0.69940.043Globulins48.33[a](#tb6fn1){ref-type="table-fn"}36.17[bc](#tb6fn1){ref-type="table-fn"}41.38[abc](#tb6fn1){ref-type="table-fn"}42.50[abc](#tb6fn1){ref-type="table-fn"}41.17[abc](#tb6fn1){ref-type="table-fn"}45.67[ab](#tb6fn1){ref-type="table-fn"}40.33[abc](#tb6fn1){ref-type="table-fn"}33.50[c](#tb6fn1){ref-type="table-fn"}42.17[abc](#tb6fn1){ref-type="table-fn"}3.8960.041ALT19.17[ab](#tb6fn1){ref-type="table-fn"}19.08[ab](#tb6fn1){ref-type="table-fn"}21.50[ab](#tb6fn1){ref-type="table-fn"}17.50[ab](#tb6fn1){ref-type="table-fn"}14.67[b](#tb6fn1){ref-type="table-fn"}15.17[b](#tb6fn1){ref-type="table-fn"}21.83[ab](#tb6fn1){ref-type="table-fn"}24.17[a](#tb6fn1){ref-type="table-fn"}16.33[ab](#tb6fn1){ref-type="table-fn"}3.08130.043ALP90.67[ab](#tb6fn1){ref-type="table-fn"}118.25[ab](#tb6fn1){ref-type="table-fn"}162.83[ab](#tb6fn1){ref-type="table-fn"}50.00[b](#tb6fn1){ref-type="table-fn"}88.25[ab](#tb6fn1){ref-type="table-fn"}149.00[ab](#tb6fn1){ref-type="table-fn"}45.00[b](#tb6fn1){ref-type="table-fn"}66.00[ab](#tb6fn1){ref-type="table-fn"}210.33[a](#tb6fn1){ref-type="table-fn"}53.7790.041GGT36.6738.0038.9236.8350.4250.1738.8349.0042.835.9480.791Cholesterol2.35[a](#tb6fn1){ref-type="table-fn"}1.49[b](#tb6fn1){ref-type="table-fn"}0.97[b](#tb6fn1){ref-type="table-fn"}2.95[a](#tb6fn1){ref-type="table-fn"}1.14[b](#tb6fn1){ref-type="table-fn"}1.35[b](#tb6fn1){ref-type="table-fn"}2.41[a](#tb6fn1){ref-type="table-fn"}1.43[b](#tb6fn1){ref-type="table-fn"}0.88[b](#tb6fn1){ref-type="table-fn"}0.2230.0211[^7]Table 7Interactive effects of Sex and days on goats fed concentrate pellets, *Lablab purpureus* and *Vigna unguiculata* supplementing *Chloris gayana*.Table 7SexSEP valueFMDays153045153045SDUrea4.68[bc](#tb7fn1){ref-type="table-fn"}3.92[c](#tb7fn1){ref-type="table-fn"}6.64[a](#tb7fn1){ref-type="table-fn"}4.85[bc](#tb7fn1){ref-type="table-fn"}4.60[c](#tb7fn1){ref-type="table-fn"}6.12[ab](#tb7fn1){ref-type="table-fn"}0.5230.0530Creatinine62.89[b](#tb7fn1){ref-type="table-fn"}57.78[bc](#tb7fn1){ref-type="table-fn"}53.28[bc](#tb7fn1){ref-type="table-fn"}77.00[a](#tb7fn1){ref-type="table-fn"}54.67[bc](#tb7fn1){ref-type="table-fn"}47.67[c](#tb7fn1){ref-type="table-fn"}4.2640.0539TP60.0050.1156.3657.6751.2259.003.5460.7740Albumin14.56[abc](#tb7fn1){ref-type="table-fn"}15.22[ab](#tb7fn1){ref-type="table-fn"}15.78[a](#tb7fn1){ref-type="table-fn"}15.67a13.78[bc](#tb7fn1){ref-type="table-fn"}13.44[c](#tb7fn1){ref-type="table-fn"}0.5710.0131Globulins45.44[a](#tb7fn1){ref-type="table-fn"}34.89[b](#tb7fn1){ref-type="table-fn"}40.58[ab](#tb7fn1){ref-type="table-fn"}42.00[ab](#tb7fn1){ref-type="table-fn"}39.00[ab](#tb7fn1){ref-type="table-fn"}45.56[a](#tb7fn1){ref-type="table-fn"}3.1810.0357ALT16.6719.6117.3322.3319.0018.002.5160.4360ALP84.67[b](#tb7fn1){ref-type="table-fn"}133.89[b](#tb7fn1){ref-type="table-fn"}274.00[a](#tb7fn1){ref-type="table-fn"}39.11b47.78b74.11b43.910.0204GTP42.67[ab](#tb7fn1){ref-type="table-fn"}47.28[a](#tb7fn1){ref-type="table-fn"}44.83[ab](#tb7fn1){ref-type="table-fn"}32.22[b](#tb7fn1){ref-type="table-fn"}44.33[ab](#tb7fn1){ref-type="table-fn"}43.11[ab](#tb7fn1){ref-type="table-fn"}4.8570.6271Cholesterol2.48[a](#tb7fn1){ref-type="table-fn"}1.30[b](#tb7fn1){ref-type="table-fn"}1.18[b](#tb7fn1){ref-type="table-fn"}2.67[a](#tb7fn1){ref-type="table-fn"}1.41[b](#tb7fn1){ref-type="table-fn"}0.96[b](#tb7fn1){ref-type="table-fn"}0.1820.0493[^8]

For all treatments, day 30 recorded lower (*P* \< 0.05) urea, TP and globulin concentration and day 45 showed higher urea TP and ALP levels. There was a general increase in plasma metabolites with time among treatments (*P* \< 0.05) with a general decline in creatinine and cholesterol levels with time for both sexes (*P* \< 0.05) this is however coinciding with a sharp increase in urea from day 30 to day 45 of 2.72 mmol/l; and 1.52 mmol/l for female and male respectively. Female animals exhibited higher ALT and albumin levels over time than male animals (*P* \< 0.05).

3.4. Haematological parameters {#sec0013}
------------------------------

The WBC (10^3^/l), RBC, MCH (pg) and MCHC (g/dL), Hb, haematocrit, platelet and MPV levels were similar among treatments and between sexes ([Table 8](#tbl0008){ref-type="table"}). The MCV and RDW (%) were significant difference amoung treatments (*P* \< 0.05). Goats under T~3~ showed increased (*P* \< 0.05). MCV compared to T~1~ and T~2~. When the goats were fed T~1~ their RDW level was higher (*P* \< 0.05) in comparison to T~2~ and T~3~. Haematological constituents over time are shown in [Fig. 1](#fig0001){ref-type="fig"}. The WBC and MCV count differed with time (*P* \< 0.05). WBC decreased with time by 8.07 × 10 ^9^/l while MCV increased by 11.83(fl) from day 15 to day 45. There were no significant differences in RBC (x10^12^/l), HB, haematocrit, MCH (pg) MCHC (g/dl), RDW% platelet (x10 ^9^/l) and MPV (fl) levels with time.Table 8Haematological attributes of goats fed concentrate pellets, *Lablab purpureus* and *Vigna unguiculata* supplementing *Chloris gayana.*Table 8TreatmentsSexP values[@bib0034]Blood parameterT~1~T~2~T~3~SEMFSETSWBC (x10^9^/l)11.212.0515.171.63413.6311.981.3150.20660.3844 −13RBC(x10^12^/l)16.6718.4916.561.08316.8417.640.8720.36900.5258 −18Haemoglobin(g/L)87.8992.5089.500.35486.1093.900.2850.64760.06280 - 120Haematocrit (%)9.3010.19.900.899.5010.100.710.75490.51910 - 30MCV(fl)54.67[ab](#tb8fn1){ref-type="table-fn"}52.52[c](#tb8fn1){ref-type="table-fn"}59.22[a](#tb8fn1){ref-type="table-fn"}2.80655.6655.282.2580.02390.53016 −25MCH(pg)5.595.176.160.5465.355.920.4390.43520.3675.2 - 8MCHC(g/dl)10.5611.0912.411.97010.3612.341.5860.79200.38530 - 36RDW (%)45.84[a](#tb8fn1){ref-type="table-fn"}34.31[b](#tb8fn1){ref-type="table-fn"}35.46[b](#tb8fn1){ref-type="table-fn"}2.52738.9538.112.0350.00420.77430 - 45^1^Platelet (x10^9^/l)689.24577.86755.83120.166693.59775.7096.740.2640.233300 - 600MPV(fl)6.886.316.940.2256.566.860.17940.09270.2473.5 - 12[^9]

Component WBCs were also evaluated and results are shown in [Table 9](#tbl0009){ref-type="table"}. Treatment diets influenced (*P* \< 0.05) neutrophil (%) content while sex influenced basophile (%) content. There were no treatment or sex effects on lymphocytes (%), monocytes (%) and eosinophils (%) (*P* \> 0.05). Animals on T~2~ exhibited higher (*P* \< 0.05) neutrophil content of 10.50% compared to 5.47% and 4.58% for T~1~ and T~3~ respectively. Measured over time, the basophil content increased while the lymphocyte content decreased with time (*P* \< 0.05) as shown in [Fig. 2](#fig0002){ref-type="fig"}.Table 9White blood cell component of goats fed concentrate pellets, *Lablab purpureus* and *Vigna unguiculata* supplementing *Chloris gayana*.Table 9Treatments (T)SexP values[@bib0034]WBCsT~1~T~2~T~3~SEMFSETSNeutrophils (%)5.47[ab](#tb9fn1){ref-type="table-fn"}10.50[a](#tb9fn1){ref-type="table-fn"}4.58[b](#tb9fn1){ref-type="table-fn"}1.9105.0268.671.5550.04030.10430 −40Lymphocytes (%)47.2435.7239.545.39641.0240.654.34170.31910.952050 −70Monocytes (%)38.6253.2043.298.86944.5745.507.14000.49230.92750 - 4Eosinophils (%)1.221.571.090.28781.241.340.23170.4330.76701 -- 8Basophils (%)0.810.780.600.090.62[b](#tb9fn1){ref-type="table-fn"}0.48[a](#tb9fn1){ref-type="table-fn"}0.06940.19470.03470 −1[^10]Fig. 2Changes in blood WBC attributes of goats fed concentrate pellets, *Lablab purpureus* and *Vigna unguiculata* supplementing a *Chloris gayana* basal diet.Fig 2

4. Discussion {#sec0014}
=============

4.1. Feed intake and growth {#sec0015}
---------------------------

The daily DMI of goats in this experiment is within the range of 2.6 to 4.0% reported for South African goats by [@bib0016] and [@bib0008]. Animals showed significantly low forage intake for Vigna compared to Lablab and pellets; thus it affects their growth rate. The differences in total gain among treatments were due to differences in DMI. Results observed for average daily gain in the present study, were within the acceptable range of 29 to 51 g/day reported for Small East African goats ([@bib0053]). However, this gain was slightly higher than what was observed by [@bib0007] and [@bib0045]. Growth rates between 36 -- 53 g/day ([@bib0033]) and 42--65 g/day ([@bib0048]) have also been reported for goats. These animals used by the mentioned authors were fed concentrate as supplement to a basal hay diet and that is the reason for higher gains compared to the current study. Female animals gained more in the current study, the reason for this is that female animals are known to lay fat faster than males ([@bib0026]) and that castration tend to prolong skeletal growth in male animals, particularly of long bones, accompanied by a retarded increase in bone diameter ([@bib0055]). This explains the difference in total gain in the current study.

4.2. Serum biochemical indices {#sec0016}
------------------------------

Blood urea has been shown to be an indirect indicator of protein composition of feed. High serum urea concentrations are associated with greater ruminal degradation of protein with a concurrent increase in ammonia production ([@bib0023]). [@bib0012] also reported that blood urea nitrogen increases when there is a catabolism of body protein. Furthermore, [@bib0025] observed that high cortisol levels stimulate the breakdown of muscle proteins. This leads to the deamination and release of amino acids in the liver for the purposes of gluconeogenesis. The serum urea levels in the current study are below those reported by [@bib0030]; [@bib0054]. However, they fall within the same range of 3.6 to 9.2 mmol/l reported by [@bib0013], [@bib0022] and [@bib0012c] for healthy animals. Urea concentration increased with time in the present study, this was also observed by [@bib0030] and [@bib0031]. The possible reason for this increase could be the increase in DM intake exhibited by goats with time. Overall serum urea concentration remained unchanged among the treatments and between sexes, however treatment by sex, treatment by day and sex by day interactive effect on urea were different. Blood urea N has been reported to increase in cases of rumen ungradable protein and where very large volumes of amino acids are consumed ([@bib0054]). Creatinine is formed in skeletal muscle by the degradation of phosphocreatine to produce energy ([@bib0013]). Serum creatinine concentration has been observed to be proportional to the muscle mass ([@bib0013]) and this explains the higher creatinine content recorded in males compared to females in the present study, although not significant. Increase in creatinine levels are associated with reduction of serum thyroxine levels ([@bib0056]). A general decline in creatinine levels was observed with time. This would suggest that there was an increase in thyroxine levels hence better energy utilization.

The TP for goats was between 5.5 and 5.8 g/dl. These values are considered lower than the normal range value of 6.0 to 7.0 g/dl ([@bib0030]; [@bib0036]; [@bib0054]). However, these values fall within a range reported by [@bib0013] in sheep with a body condition score of 2.5, and that recorded by [@bib0039] of 5.2 g/dl for West African Dwarf goats. According to [@bib0003] goats with a TP value below 4.2 g/dl show rumen compaction, this was therefore not the case in this study. [@bib0036] also reported that total protein value in goat serum can go as high as 7.5 g/dl under extensive production systems. Furthermore, they also reported that high serum protein levels are an indication of high intake of grains ([@bib0043]), dehydration or high temperature as a result of kidney failure. Therefore, lower protein values occurred because animals did not consume any considerable amount of grain. Total protein level generally increased with time for treatments two (T~2~) and three (T~3~) and this improvement is suggestive of the fact that more amino acids were absorbed from the dietary protein and undegradable methionine, as was also observed by [@bib0001].

The albumin content was within the acceptable range, according to [@bib0041]. [@bib0050] reported that low serum albumin concentration is indicative of liver dysfunction, nonetheless other indicators of liver function; ALT, ALP and GGT were not different among treatments and between sexes, indicating no negative effects of diets on the liver.

The decrease in cholesterol content, with an increase in ALP content over time has been observed by [@bib0024] and [@bib0035], however, [@bib0017] and [@bib0031] observed higher values of ALP within the first 40 days of life of treatment time with an increase cholesterol content over time. A decrease in cholesterol concentration over time could have been caused by the presence of phytochemicals particularly in forages as these have the capacity to reduce the synthesis and absorption of cholesterol ([@bib0044]). Moreover, reduced blood cholesterol and lipid levels are some of the biological consequences of phenolic acids.

There was also a treatment by sex, treatment by day and sex by day interaction effect on albumin, ALP, ALT cholesterol concentration ([@bib0030]). Globulins were also significantly influenced by both treatment and days. [@bib0017] also reported that GGT is the first enzyme to increase even at the slightest hepatic sufferance. Results from the current study indicate that animals on T~2~ recorded higher GGT values compared to T~1~ and T~3~; this would suggest that Cowpea and Lablab does not produce toxic substances on degradation to warrant any effect on hepatocyte health. The globulin content decreased with time, this is in agreement with [@bib0013] in which they concluded that globulins only increase under pathological conditions. This also attests to the fact that treatment diets did not result in any inflammatory response in goats.

4.3. Haematological parameters {#sec0017}
------------------------------

The blood haemoglobin (g/dL), hematocrite (L/L), RBC (10^6^/l), WBC (10 ^9^/l) MCH (pg), MCHC (g/dL), MPV, were not influenced by diet or sex. However, these results were within the ranges of 8.0 −13 g/dl, 20--28% and 8--17 × 10^12^ L, 5.2 -- 8pg, 30 -- 36 g/dl, and 5.3--9.4fL for Hb, PCV, RBC, WBC, MCH, MCHCC, and MPV respectively, reported for clinically healthy goats ([@bib0034]; [@bib0046]). The normal RBC values observed in this study indicate the absence of haemolytic anaemia and depression of erythrogenesis ([@bib0038]). Similar haemoglobin concentrations were observed by [@bib0038] and are suggestive of the absence of microcytic hypochromic anaemia which is associated with iron deficiency and improper utilization during the formation of Hb. However, [@bib0047] observed higher Hb values when kids were fed diet containing 22.2 g CT/kg DM.

The fact that Lablab only resulted in higher MCV (fL) levels while Cowpea affected RDW (%) levels concur with those reported by [@bib0015] in which they concluded that concentrate diets did not significantly influence most of the blood metabolites. The lack of treatment effect on MCV, MCH and MCHC values also agree with earlier reports ([@bib0047]). Measured against time, animals exhibited very high WBC during adaptation period which significantly decreased until day of slaughter. Time did not influence RBC, haemoglobin, MCH, MPV, RDW, MCV, however MCHC significantly increased at day 30 and decreased at day 45.

MCV, MCH and MCHC are diagnostic blood indices indicative of anaemic animals. When they fall within normal ranges ([@bib0046]), it explicitly shows that the goats are not anaemic ([@bib0038]). This lack of effects on WBC over time, between sexes and/or treatment diets represents no inflammatory effects of forage legumes on growing goats; this was also reported by [@bib0030]. No studies have reported either inflammatory or haemolytic effects of forage legumes. Platelet count was higher than the recommended values of 300--600 by Marck Veterinary. This could have resulted from physiological thrombocytosis which is caused by exercise, stress, or adrenaline ([@bib0030]). In this case the only logical conclusion would be the influence of adrenaline coupled with stress, as goats don\'t like confinement for long periods. Component WBCs particularly monocytes and lymphocytes are essential for the immune system. Monocytes are precursors of macrophages and lymphocytes are important for humoral and cell-mediated immunity responses ([@bib0029]). In general, toxic substances in feed have a suppressive effect on haemopoietic tissues with consequent production of a low WBC count ([@bib0029]; [@bib0030]). The results from the current study show no such effects as was also reported by [@bib0029].

5. Conclusion {#sec0018}
=============

Lablab and Cowpea can support the same level of growth as commercial pellets. Lablab exhibited a significantly higher DM intake, ADG, total gain and lower FCR than Cowpea. Male goats consumed more feed, but total gain and ADG were low, with a higher FCR than female goats. Forage legumes did not influence biochemical parameters of goats, save for albumin in which Lablab exhibited higher albumin levels. Sex influenced only ALP levels with female animals showing higher ALP values. Urea and ALP increased with time while creatinine and cholesterol decreased until they reached a steady state which is within the generally acceptable levels for goats. Haematological parameters showed healthy goats throughout the study period although the platelet count was higher than the normal range. Animals didn\'t show any signs of haemolysis, anaemia, or inflammatory response to treatment diets.
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[^1]: DM=dry matter; CP=crude protein; NDF=neutral detergent fibre; CF= crude fibre; ME = metabolizable energy; NE = net energy.

[^2]: Means with different superscript letters within treatments and sex in the same row, differ significantly (*P* \< 0.05). T~1~= 71% Vigna hay, 19% Katambora hay salt (0.5%), molasses (3%), maize (5%) and mineral vitamin premix 1.5%; T~2=~ 90% lamb and ewe pellet plus 10% Katambora grass hay; T~3=~ 72% Lablab hay 19% Katambora hay, salt (0.5%), molasses (2%) maize (5%) and mineral vitamin premix 1.5% IW -- initial weight, FW = final weight.

[^3]: Means with different superscript letters within treatments and sex in the same row, differ significantly (*P* \< 0.05). ALT = alanine aminotransferase, ALP = alkaline phosphatase, GGT= gamma- glutamyl transferase. T~1~ = 71% Vigna hay, 19% Katambora hay, salt (0.5%), molasses (3%) maize (5%) and mineral vitamin premix (1.5%); T~2~= 90% lamb and ewe pellet plus 10% Katambora grass hay; T~3~ = 72% Lablab hay 19% Katambora hay, salt (0.5%), molasses (2%) maize (5%) and mineral vitamin premix (1.5%).

[^4]: [@bib0038].

[^5]: Means with different superscript letters within rows, differ significantly (*P* \< 0.05). TP = total protein, ALT = alanine aminotransferase, ALP = alkaline phosphatase, GGT= gamma- glutamyl transferase.

[^6]: Means with different superscript letters within treatments and sex in the same row, differ significantly (*P* \< 0.05). TP = total protein, ALT = alanine aminotransferase, ALP = alkaline phosphatase, GGT= gamma- glutamyl transferase. T~1~ = 71% Vigna hay, 19% Katambora hay, salt (0.5%), molasses (3%), maize (5%) and mineral vitamin premix (1.5%); T~2~= 90% lamb and ewe pellet plus 10% Katambora grass hay; T~3~ = 72% Lablab hay 19% Katambora hay, salt (0.5%), molasses (2%) maize (5%) and mineral vitamin premix (1.5%).

[^7]: Means with different superscript letters within rows, differ significantly (*P* \< 0.05).TP = total protein, ALT = alanine aminotransferase, ALP = alkaline phosphatase, GGT= gamma- glutamyl transferase. T~1~ = 71% Vigna hay, 19% Katambora hay, salt (0.5%), molasses (3%), maize (5%) and mineral vitamin premix (1.5%); T~2~= 90% lamb and ewe pellet plus 10% Katambora grass hay; T~3~ = 72% Lablab hay 19% Katambora hay, salt (0.5%), molasses (2%) maize (5%) and mineral vitamin premix (1.5%).

[^8]: Means with different superscript letters within sex and days in the same row, differ significantly (*P* \< 0.05). TP = total protein, ALT = alanine aminotransferase, ALP = alkaline phosphatase, GGT= gamma- glutamyl transferase.

[^9]: Means with different superscript letters within treatments and sex in the same row, differ significantly (*P* \< 0.05). MCH= mean cell haemoglobin, MCHC= mean corpuscular haemoglobin concentration, MCV= mean cell volume, MPV= mean platelet volume, RDW= red cell distribution width.

[^10]: Means with different superscript letters within treatments and sex in the same row, differ significantly (*P* \< 0.05).
